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Abstract
Adhesions and fibrosis following failed primary surgery for severe gastro-oesophageal reflux (GOR) in neurologically 
impaired children (NI) can render mobilization of the lower oesophagus and oesophago-jejunal anastomosis a technically 
demanding exercise both at open surgery and laparoscopy. This paper presents the Modified Oesophago-Gastric Dissocia-
tion (M-OGD) as a less complex technical modification of the original Total Oesophago-Gastric Dissociation (TOGD). The 
stomach is detached from the oesophago-gastric junction with an articulated 5-mm stapler, leaving a 5-mm strip of stomach 
attached to the oesophagus. An end-to-side isoperistaltic oesophago-jejunostomy is created between the gastric stump and 
the isoperistaltic jejunal Roux loop. A jejuno-jejunal anastomosis restores bowel continuity. Between May 2018 and Febru-
ary 2020, M-OGD was performed on 3 NI patients with a weight of 9–27.3 kg (median = 14 kg). Median age at surgery was 
60 months (18–180), median surgical time 170 min (146–280), median re-feeding time was 3 days (2–5), and median length 
of stay was 20 days (11–25). All patients healed primarily and after a median follow-up of 3 months, there were no problems 
related to the oesophago-jejunal anastomosis. M-OGD reduces the difficulties of redo oesophageal surgery following failed 
anti-reflux procedures, with a safer oesophago-jejunal anastomosis and a good long-term outcome.
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Introduction
In 1997, Bianchi [1] presented Total Oesophago-Gastric 
Dissociation (TOGD) as a definitive procedure in neuro-
logically impaired children (NI), for permanent resolution 
of severe gastro-oesophageal reflux (GOR).
Although recommended as a primary procedure, most 
surgeons still only consider TOGD as a ‘rescue’ procedure 
for the recurrence of severe GOR after failed first surgery, 
because of the adhesions and fibrosis that can render mobi-
lization of the lower oesophagus and the oesophago-jejunal 
anastomosis technically demanding during open or laparo-
scopic surgery. Anticipation of such potential difficulties has 
restricted TOGD to specialist hands in Tertiary Centres. The 
Modified Oesophago-Gastric Dissociation (M-OGD) offers 
a technically easier and reproducible solution that avoids 
the major difficulties of para-oesophageal surgery and a safe 
high oesophago-jejunal anastomosis.
Patient  characteristics
We reviewed our experience with M-OGD from May 2018 
through February 2020. The Medical Ethical Review Board 
of our institution stated that this study is based on infor-
mation routinely collected during normal clinical care, no 
additional data were collected for the purposes of the study, 
and no intervention was given solely for the purposes of the 
study. Therefore, institutional review board approval was 
waived. Informed consent was taken for all patient in respect 
of national law. Three NI patients with congenital problems 
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(Table 1) were referred by an independent gastroenterologist 
who classified them as having moderate/severe reflux, who 
suffered from recurrent aspiration events, failure to thrive, 
failure of gastro-jejunal or jejunal tube feeds, or who had 
documented recurrence of reflux after a fundoplication. Two 
patients had severe scoliosis and one other had a previous 
failed Nissen fundoplication. One patient fed by gastrostomy 
and the other two had a permanent naso-gastric (NG) feed-
ing tube. None had fed orally for the 12 months prior to sur-
gery. All three patients had marked sialorrhea and suffered 
recurrent severe chest infections, and one needed cardiopul-
monary resuscitation during a previous hospital admission. 
The median age at surgery was 60 months (18–180) and the 
patients weighed between 9 kg and 27.3 kg (median 14 kg).
Surgical techniques
The patients had a 24-h bowel preparation before surgery. 
Operation was undertaken under general anaesthesia and 
muscle relaxation with the patient in an anti-Trendelenburg 
position. The upper abdominal cavity was opened by a mid-
line incision from the xyphoid process to the umbilicus and 
the left lobe of the liver was retracted medially. Any residual 
fundoplication was unravelled, thereby restoring normal gas-
tro-oesophageal anatomy. If intact vagus nerves (particularly 
the left vagus) could not be guaranteed, a pyloroplasty was 
considered to avoid postoperative delayed gastric emptying.
Following adequate mobilization of the oesophago-gas-
tric junction, an articulated 5 mm laparoscopic Endo-GIA 
stapler (Medtronic, Endo GIA™ Ultra—code: EGIAUSH-
ORT and Endo GIA™ Curved Tip Reload with Tri-Staple™ 
Technology—code: SIG45CTAVM) was applied to the 
stomach at 5 mm below the cardia, passing from the lesser 
curvature to the fundus, and the stomach transected leav-
ing a 5 mm gastric strip attached to the distal end of the 
oesophagus (Fig. 1).
The proximal jejunum was transected with an Endo-GIA 
stapler (Medtronic, Endo GIA™ Ultra—code: EGIAUSH-
ORT and Endo GIA™ Curved Tip Reload with Tri-Staple™ 
Technology—code: SIG30CTAVM) at approximately 20 cm 
distal to the ligament of Treitz. The distal jejunum was 
Table 1  Patients preoperative characteristics at surgical assesment
Patient Sex Congenital problems Hip subluxation Scoliotic deviation Nutrition Sialorrhea
1 M West syndrome Right Right-convex—dorsal
Left convex—lumbar
Naso-gastric feeding Yes
2 M De novo heterozygosity 
(c.1936A>G) of the 
GRIN2A gene
None None Naso-gastric feeding Yes
3 M Two homoplasmic vari-





Fig. 1  Creation of the  oesophageal-gastric stump. The gastrich stump 
is divided from the stomach using 5-mm Endo-GIA. Oesophagus, 
stomach and bowel are represented in red, blue and pink respectively
Fig. 2  Mechanical anastomosis between the oesophago-gastric stump 
and isoperistaltic jejunal Roux Loop.  Oesophagus, stomach and 
bowel are represented in red, blue and pink respectively
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developed into an isoperistaltic jejunal Roux loop on a con-
venient and tension-free vascular pedicle that was passed 
through a window in the transverse mesocolon and behind 
the stomach to reach the oesophagus at the lesser curve. One 
arm of the articulated stapler was passed into the lumen of 
the open jejunal loop, and the opposing arm was passed 
into the distal oesophagus though an enterotomy at 1 cm 
above stapled gastric cuff such that, on firing the stapler, 
a 4cm end-to-side oesophago-jejunal anastomosis was cre-
ated (Fig. 2). A naso-jejunal tube was positioned through 
the oesophago-jejunal anastomosis for free drainage of the 
distal jejunal Roux loop, and an abdominal drain was placed 
close to the anastomosis.
Bowel continuity was restored by jejuno-jejunal anasto-
mosis at 30 – 40 cm distal to the oesophago-jejunal anasto-
mosis, and all mesenteric defects, including the mesocolic 
window, were closed with interrupted sutures. Figure 3 
shows the completed M-OGD with a functional gastrostomy 
that was retained or newly constructed (Fig. 3). Pyloroplasty 
was not done because of preoperative radiological evidence 
of good gastric emptying.
Patients were nursed in Paediatric Intensive Care for 24 h 
postoperatively, with free gravity drainage of both the naso-
jejunal tube and the abdominal drain until return of bowel 
function. Any essential medication was administered via 
gastrostomy during the first 24hrs after surgery.
Results
The median surgical time was 170  min (146–280), the 
median anaesthetic time, was 263  min (240–340), the 
median IOT intubation post-surgery was for 24 h (20– 26), 
with a median of 4 days (2–5) in the high-dependency unit. 
The median time to enteral feeding was 3 days (2–5), and 
the median length of stay was 20 days (11–25). All patients 
healed well without any complications at the oesophago-
jejunal and the jejuno-jejunal anastomoses. During the fol-
low-up period (65 days: range 63–101), none of the patients 
required hospitalization.
No complications were reported at the first outpatient fol-
low–up visit, 1 month after discharge from hospital. At the 
3-month review, one patient reported a small granuloma at 
the gastrostomy site. Specifically, there was no further reflux 
and no hospitalization episodes for respiratory problems. 
Sialorrhea and coughing were markedly reduced and were 
no longer regarded as problematic. All three patients were 
tolerating gastrostomy nutrition and, for the first-time, two 
showed an interest in oral drinks. The three families com-
mented on the happiness of the children since operation.
Comments
Neurologically impaired children have a high incidence of 
severe GOR with frequent episodes of aspiration pneumonia 
and hospitalization. Many fail medical management and are 
referred for a feeding gastrostomy and for antireflux surgery. 
A compiled fundoplication failure rate for neurologically 
impaired patients is reported to be 12–45% for primary and 
20–28% following redo fundoplication [2, 3]. These failures 
led to a redo fundoplication rate of 6–14% [4].
TOGD has been used more commonly in Europe [5–7], 
but there are only limited reports for this approach in the 
United States [8, 9] or other non-EU [10, 11] countries. 
However, for a very specific and complex patient popula-
tion, this procedure has a high likelihood of permanently 
eliminating recurrent reflux and aspiration, and of improv-
ing the quality of life for the patients and their caregivers by 
reducing healthcare visits and hospital readmissions, and 
improving feeding habits [12].
Since publication of TOGD in 1997 [1], we have per-
formed 66 TOGD procedures for NI patients [6], of whom 
74.2% had a primary procedure and 25.8% had a rescue 
following a failed previous anti-reflux procedure. None 
of these patients have had recurrence of reflux and none 
have required further antireflux surgery. In view of the not 
uncommon difficulties surrounding redo oesophageal sur-
gery, we have attempted to introduce a modification to the 
original TOGD towards a more secure oesophago-jejunal 
Fig. 3  Final view of Modified Oesophago-Gastric Dissociation 
(M-OGD). The picture shows final gastrointestinal continuity after 
M-OGD. The tension-free jejunal Roux loop is passed through a win-
dow in the transverse mesocolon and behind the stomach to reach the 
oesophagus at the lesser curve.  Oesophagus, stomach, small  bowel 
and colon are represented in red, blue, pink and brown respectively
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anastomosis. Of advantage during M-OGD has been the 
articulated 5 mm laparoscopic GIA that better fits the nar-
row upper quadrant of the NI patient’s abdomen and allows a 
safer oesophago-jejunal anastomosis. We are of the view that 
the retained 5 mm gastric cuff at the end of the oesophagus 
allows a more secure anastomosis and reduces the risk of 
breakdown and leakage during the immediate postoperative 
phase. Our three M-OGD patients have healed primarily 
without complications at the oesophago-jejunal anastomo-
sis, and without internal herniae following of closure of the 
mesenteric spaces and the mesocolic window. This agrees 
with published meta-analysis where closure of both the 
mesenteric and Petersen defects has the lowest incidence 
of internal hernia following laparoscopic Roux-en-Y pro-
cedures [13].
The fragile nature of the NI patients renders time under 
anaesthesia of special relevance. Not all studies for lapa-
roscopic-assisted and robotic TOGD have commented on 
surgical operating time [14, 15]; however, operating time 
for Laparoscopic TOGD has been reported up to 400 min 
[8]. Our three cases of M-OGD have averaged 200 min, that 
compares well with the 250 min for a classical TOGD [16].
We are encouraged by the success of this small experi-
ence of three cases and acknowledge that a greater num-
ber are required for strong statistical analysis. However, 
we believe that M-OGD has the potential to build on the 
reported success of TOGD, whether as a primary or a Res-
cue procedure, thereby improving the quality and efficiency 
of care of the NI patient with severe GOR.
Compliance with ethical standards 
Conflict of interest No conflicts of interests or disclosures.
Human and animal rights The Medical Ethical Review Board of our 
institution stated that this study is based on information routinely col-
lected during normal clinical care, no additional data were collected 
for the purposes of the study, and no intervention was given solely 
for the purposes of the study. Therefore, institutional review board 
approval was waived.
Informed consent Informed consent was taken for all patient in respect 
of national law.
Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.
References
 1. Bianchi A (1997) Total esophagogastric dissociation: an alterna-
tive approach. J Pediatr Surg 32:1291–1294
 2. Danielson PD, Emmens RW (1999) Esophagogastric disconnec-
tion for gastroesophageal reflux in children with severe neurologi-
cal impairment. J Pediatr Surg 34:84–86
 3. Islam S, Teitelbaum DH, Buntain WL et al (2004) Esophagogas-
tric separation for failed fundoplication in neurologically impaired 
children. J Pediatr Surg 39:287–291
 4. Vilar A, Priego P, Puerta A et al (2018) Redo surgery after failure 
of antireflux surgery. Am Surg 84:1819–1824
 5. Boubnova J, Hery G, Ughetto F et al (2009) Laparoscopic total 
esophagogastric dissociation. J Pediatr Surg 44:e1-3
 6. Coletta R, Aldeiri B, Jackson R et al (2019) Total esophagogastric 
dissociation (TEGD): Lessons from two decades of experience. J 
Pediatr Surg 54:1214–1219
 7. Battaglia S, Orizio P, Boroni G et al (2020) Total oesophagogas-
tric dissociation in neurologically impaired children: 18 years’ 
experience and long-term follow-up. J Pediatr Gastroenterol Nutr 
70:457–461
 8. DeAntonio JH, Parrish DW, Rosati SF et al (2017) Laparoscopic 
gastroesophageal dissociation in neurologically impaired children 
with gastroesophageal reflux disease. J Pediatr Surg. https ://doi.
org/10.1016/j.jpeds urg.2017.10.010
 9. Jamshidi R, Densmore JC, Gourlay DM et al (2019) Esophago-
jejunal anastomosis by circular stapler in pediatric patients: size 
minima defined by experience and geometry. J Laparoendosc Adv 
Surg Tech A 29:1311–1314
 10. Hattori K, Bvulani B, Numanoglu A et al (2016) Total esophageal 
gastric dissociation for the failed antireflux procedure in a child 
with microgastria. Eur J Pediatr Surg Rep 4:6–9
 11. Tanaka Y, Tainaka T, Uchida H (2018) Indications for total esoph-
agogastric dissociation in children with gastroesophageal reflux 
disease. Surg Today 48:971–977
 12. Zaidi T, Sudall C, Kauffmann L et al (2010) Physical outcome and 
quality of life after total esophagogastric dissociation in children 
with severe neurodisability and gastroesophageal reflux, from the 
caregiver’s perspective. J Pediatr Surg 45:1772–1776
 13. Geubbels N, Lijftogt N, Fiocco M et al (2015) Meta-analysis 
of internal herniation after gastric bypass surgery. Br J Surg 
102:451–460
 14. Fenton SJ, Fitzpatrick CM (2012) A modified laparoscopic esoph-
agogastric dissociation for severe bile reflux in a neurologically 
impaired child. J Pediatr Surg 47:1922–1925
 15. Mattioli G, Molinaro F, Paraboschi I et al (2017) Robotic-assisted 
minimally invasive total esophagogastric dissociation for children 
with severe neurodisability. J Laparoendosc Adv Surg Tech A 
27:550–555
 16. Mattioli G, Wong MCY, Angotti R et al (2020) Total oesophago-
gastric dissociation in neurologically impaired children: laparo-
scopic vs robotic approach. Int J Med Robot 16:e2048
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
